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Abstract This study experimentally investigated the effect of connecting vertical plates and horizontal plates and their
combinations to single and double pipes on scouring under pipes. Experiments were performed in a laboratory flume 13 m
long, 0.4 6m wide, and 1 m deep. Results showed that attaching a 0.25D vertical plate under a single pipe prevented scouring
under it. Further, in order to control scouring under pipes using a horizontal plate, regardless of the number of pipes and their
distance from each other, the plate should extend 0.5D upstream and downstream of the pipes. A combination of horizontal
and vertical plates under pipes showed that in cases where the length of the horizontal plate was not enough to prevent the
formation and development of scour under the pipes, the addition of vertical plates on both sides of the horizontal plate can

protect the pipes against scouring.
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1. Introduction

Submarine pipelines are important infrastructure and are
vital for transporting water, natural gas, oil and petroleum
products. Over the last few decades, various methods have
been proposed and investigated to protect pipelines from
scouring. Some designers of offshore pipelines prefer to bury
the pipelines under the seabed In order to protect them (e.g.,
Zhu et al 2019). One of the advantages of this method is to
protect the pipeline against lateral movements caused by
currents and sea waves. This method also protects the
pipeline from the possibility of collision of ship’s anchors.
However, with the burial of the pipeline, the possibility of
physical inspection of the pipeline is eliminated and some
problems are created in its maintenance stages.

Hulsbergen (1984) found that by attaching a rigid piece or
longitudinal blade to the top of the pipe, the rate of self-burial
of the pipe can be increased. Cheng and Chew (2003) stated
that by connecting the plate, the pressure gradient between
upstream and downstream of the pipe increases significantly.
As a result, it increases the flow through the gap between
the pipe and the seabed and increases the shear stress of the
seabed and accelerates the rate of self-burial. Through
laboratory studies, Yang et al. (2012) investigated the effect
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of the longitudinal blade with different sizes of pipe diameter,
considering the longitudinal blade height, amplitude and
wave frequency under regular and irregular waves and
found acceleration of scouring and burying of pipes with
longitudinal blades. Zhang et al. (2013) investigated the
effect of impermeable plates with different lengths, one-side
(upstream only) and two-side and reported that with
increasing the length of the plate, the pressure gradient
between the two sides of the pipe (in both cases of one-side
and two-side plates) decreases and as a result, the piping also
decreases. They also said that the performance of one-side
and two-side plates were similar, however, the two-side
plates were more useful than the one-side plates due to the
ease of installation under the pipeline.

Yang et al. (2014) investigated the effect of rubber plates
under the pipes in uniform flow and stated that by inserting a
rubber plate under the pipe, the pressure difference between
two sides of the pipe significantly reduced and with a certain
length of the plate, called the critical length, had zero
scouring depth under the pipe. Mohammadi and Hakimzadeh
(2015) performed laboratory and numerical studies to
investigate the effect of longitudinal blades connected below
the pipelines. They used blades of relative lengths (L, /D).
05, 0.10, 0.15, 0.20, 0.25, 0.50. Lyp is length of vertical
plate and D is pipe diameter. Their results showed that
the connection of longitudinal blades with Ly p/D< 0.15
delayed the onset of scouring, but at the same time the
maximum scouring depth increased significantly. On the
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other hand, by connecting the longitudinal blade with a
relative length Ly p/D=> 0.20, scouring did not occur under
the pipe.

Zhu et al. (2019) examined the self-burial trend of pipes
with longitudinal blades used in the Hangzhou Bay of China
from 2005 to 2016 and reported that during this period
the amount of buried pipelines increased from 40% to
90%. Jabbari et al. (2020) also investigated the effect of
longitudinal blades with relative lengths 0 < Ly /D < 0.4
and unlike Mohammadi and Hakimzadeh (2015) found no
scouring. Their results showed that the combination of this
blade with the pipe had reduced the average length of the
scouring hole under the pipe by 21% and increased its depth
by 22%.

Define the objectives of the study here.

2. Experimental Setup and Procedure

For the experiments in this study, a flume with Plexiglas
walls 13m long, 0.46m wide, and 1m deep was used, which
had a centrifugal pump with a maximum power of 30 hp and
a maximum capacity of 122 lit/s. In order to reduce the
distance required to reach the fully developed flow condition,
in the initial part of the flume, 1m long galvanized mesh
sheets were placed on top of each other. The test section was
located between 8.75 m and 10.25 m from the entrance of
flume.

For bed sediment, sand with a median particle size of
ds0=0.24 mm with standard deviation of less than 1.4 was
used. In other parts, sand with a median size of ds,=1.9 mm
was used in which no sediment motion was observed. The
height of bed material along the entire length of the flume
was 20 cm. In all experiments, the flow was uniform and its
average velocity was measured at a depth of 0.4 m from the
bed and at a distance of 9 m from the entrance of the flume. A
current-meter connected to a counter was used to measure
the flow velocity. Experiments at each point were repeated
at least 5 times and an average value was used. Melville
and Sutherland relations (1988) were used to calculate the
critical velocity (Equations 1 and 2). Flow velocity in all
experiments was set at V = 1.4V, = 0.39 m/s.

Ye —5.7510g (5.53 dy;) (1)

u,, = 0.0115 4 0.0125ds5,"* 0.1 < dso < Imm  (2)

In this study, 14 experiments were performed in live-bed
conditions using pipes with a diameter of 3.2 cm. The
horizontal and vertical axis in this study were presented
dimensionless as x/D and d¢/D, respectively where D is the
pipe diameter and ds is the maximum scour depth. In these
experiments, a single pipe (as a sample) was tested first.
Then the horizontal and vertical plates with different lengths
under the pipes were examined. Then the horizontal plates
under two-pipe systems with G/D=0 and 0.5 were used.
Finally, a combination of horizontal and vertical plates under

single and double pipes was investigated. The criterion for
the continuity of experiments was that first a short plate was
placed under the pipe. If scouring formed and developed
under the pipe, the length of the plate was increased and
another test was performed. This process continued until the
scour under the pipe was reasonably controlled. To prevent
the pipes from moving under the influence of currents, a
rubber sheet with the same size of pipes cross section was
placed between the pipe and the flume wall on one side of the
pipes. In each case, the experiment was continued until the
scouring depth did not change by more than 1 mm over a
two-hour period.

Figure 1. Using impermeable plates under single and double pipes

3. Results

3.1. Using a Vertical Plate under a Single pipe

In the first and second experiments of this section, a plate
with a length of 0.125D = 0.4cm and 0.25D = 0.8cm were
used, respectively. In the first experiment, compared to the
single pipe test without plate insertion, the maximum scour
depth increased by 27% and the time required for the test
increased by 50%. In the second experiment, 480 min after
the start of the experiment, no scour was formed under the
pipe. The scour profiles of these two experiments are shown
in Figure (2). Results of these experiments were consistent
with the results of Mohammadi and Hakimzadeh (2015).
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Figure 2. Scour profile using a) 0.125D and b) 0.25D long vertical plates
under single pipe

3.2. Using Horizontal Plate under a Single Pipe

In this section, 4 experiments were performed in which the
plates with 0.5D = 1.6cm, D = 3.2cm, 1.5D = 4.8cm, 2D =
6.4cm long were placed under the pipe with a diameter of
3.2cm, respectively. Results of these 4 experiments are
presented in Table (1).

According to Table (1) in the first three experiments,
the maximum scour depth was 18.75%, 43.75% and 75%
more than the maximum scour depth in the case of a pipe
without horizontal plate, and the time required for the
experiment was 33.3%, 50%, and 116.67% more than the
time required to develop scouring under the pipe without
plate, respectively. But in the fourth experiment, after 480
min, no scouring was formed under the pipe. Figure (3)
shows the scour profiles in these four experiments.
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Figure 3. Scour profile using a) 0.5D, b) D, ¢) 1.5D and d)2D long
horizontal plates under single pipe

Table 1. Results of Experiments of Single Pipes with and without
Horizontal Plates

Single Pipe with horizontal plate with diameter of
pipe 0.5D D 1.5D 2D
ds (cm) 24 2.85 3.45 4.2 0
T. 210 240 270 390 480
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Figure 4. Scour profile using horizontal plates with a) 6.4cm and b) 9.6cm
long under double-pipe system with G=0

Zhang et al (2013) Stated that if the length of the
horizontal plate below the pipe was greater than 1.2D, the
hydraulic gradient on two sides of the pipe would be smaller
than the critical hydraulic gradient and no scouring would be
formed. But as observed in the experiments performed in this
section, at lengths 0.5D, D, 1.5D of the horizontal plate,
scouring developed under the pipe and during 2D (such that
on each side of the pipe 0.5D stretch), scouring under the
pipe was Controlled. The reason for the difference between
the results obtained in these experiments and the results of
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Zhang et al. (2013), can be considered as several factors, for
example, differences in the research method. Also, according
to the results of the first three experiments, if the length of
the plate was not enough to protect the pipeline from
scouring, the maximum scour depth was much greater than
the maximum scour depth under a single pipe without
horizontal plate.

3.3. Using Horizontal Plate under Two Pipes with
No Distance (G=0)

In the experiments of this part, first a 6.4 cm long plate
was used under two pipes with a diameter of 3.2 cm. During
480 min, the scouring cavity did not form completely under
the pipes (Figure 4 (a)), but the cavity formed in the upstream
of the pipes was significant that at 260 minutes of the
experiment, this cavity developed almost to the middle of the
plate Located under the pipes. Therefore, the performance of
this plate in terms of protection of pipes against scouring was
unacceptable. In the next experiment, a 9.6 cm long plate
was used, which protected the pipes well against scouring
(Figure 4 (b)). Results of the experiments in this section
showed that to protect the two pipes at G = 0 against scouring,
a horizontal plate with a length of at least 3D below the pipes
must be used. In this case, the plate was 0.5D long on each
side of the pipes.

3.4. Using Horizontal Plate under Two Pipes with a
Distance of G=0.5D
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Figure 5. Scour profile using horizontal plates with a) 3.2cm, b) 8cm and
¢) 11.2cm long under double-pipe system with G=0.5D

In the experiments of this section, three plates with lengths
of 3.2cm, 8cm and 11.2cm were used. In the first two
experiments, although the scouring hole under the two pipes
was not completely formed during 480min, but sediments
under the upstream pipe were washed away. In the third

experiment, the plate protected the two pipes against
scouring for 480min. In this case, the length of the horizontal
plate upstream and downstream of the pipes was 0.5D.
Figure (5) shows the scour profiles in the experiments in this
section.

3.5. Using a Combination of Horizontal and Vertical
Plates under Pipes

In the previous sections, it was observed that a vertical
plate with a length of D/8 under a single pipe or a horizontal
plate with a length of D under a single pipe could not protect
the pipe against scouring. In the first experiment of this
section, a combination of a vertical plate with length D/8 and
a horizontal plate with length D under a single pipe was used.
Figure (6) shows that in this case scouring was properly
controlled. Also, in the experiment related to using 6.4 cm
long horizontal plate under two pipes without distance from
each other, it was observed that scouring occurred below the
upstream pipe. In the second experiment in this section,
vertical plates with a length of D/8 were connected to both
sides of a horizontal plate with a length of 6.4 cm. Figure (7)
shows that in this case the scouring was well controlled.
According to experiments performed in this section, it can
be concluded that in cases that the length of the horizontal
plate is not enough to prevent the development of scouring
under the pipes, adding vertical plates to both sides of the
horizontal plate can protect pipes against scouring.

D3.2_LV0.4_LH3.2 (a)
> 02
& 4 s | —

Figure 6. Scour profile using combination of horizontal and vertical plates
under single pipe
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Figure 7. Scour profile using combination of horizontal and vertical plates
under double pipe

4. Conclusions

In the experiments of this study, horizontal and vertical
plates and their combination under single and double pipes
were used. The following is a summary of the most
important results obtained from these experiments:

1. Using 0.125D long vertical plate under the pipe caused
a significant delay in the onset of scouring, but after
the formation and development of scouring under the
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pipe, the maximum scour depth was 27% greater than
the maximum scour depth under the single pipe. Also,
using 0.25D long vertical plate under the pipe caused
significant protection against scouring.

2. In several experiments, horizontal plates of different
lengths were placed under a single pipe and its effect
on scouring was investigated. Finally, using a 2D long
horizontal plate under the pipe resulted in proper
scour control. Also, in double-pipe experiments, using
3D long horizontal plate under the pipes with G=0
and 3.5D long horizontal plate under the pipes with
G=0.5D caused an acceptable reduction of scouring.
Based on the results above, in order to properly control
scouring under the pipes using a horizontal plate,
regardless of the number of pipes and their distance
from each other, the plate should extend 0.5D
upstream and downstream of the pipes.

3. Results of experiments performed using a
combination of horizontal and vertical plates under
the pipes showed that in cases that the length of
the horizontal plate was not enough to prevent the
formation and development of scour under the pipes,
adding vertical plates to both sides of the horizontal
plate can protect the pipes from scouring.

For future studies more advanced protection methods
against corrosion can be used to reduce the cost of river
restoration projects.

Notation
The following symbols are used in this paper:
B flume width [L]
D pipe diameter [L]
ds maximum scour depth [L]
dsg median size of sediment [L]
g gravity acceleration [LT 2]
G distance between pipelines [L]
H upstream water depth [L]
Lyp length of horizontal plate [L]
Lyp length of vertical plate [L]
S bed slope [M°L°T?]
T, test time period [T]

the average approach flow velocity [LT ']
vc threshold shear velocity for sediment [LT 1]
flow velocity [LT~1]

& C

<
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Ve threshold flow velocity [LT ']

y water depth [L]

a, geometric standard deviation of sediment

[MOL°T]

p mass density of water [ML™3]

Ds mass density of sediment [ML™3]

v kinematic viscosity of water [L2T 1]
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